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I. Introduction
Photoelectron spectroscopy of the individual molecular orbitals of molecules, using tunable-energy radiation, is in principle capable of yielding a great deal of information about molecular electronic structure. This is a consequence of the fact that the photoionization process is sensitive to details of the initial and final electronic states-or, more generally, to the molecular potential.
It is useful first to write the expression for the differential cross section for (dipole) photoemission from a randomly-oriented sample of molecules irradiated by linearly-polarized light: 1
do (c,o) -u(s) [1 + (c)P 2 (coso)] '
(1)
where P 2 (coso) = (3cos 2o -1)/2 is the second Legencire polynomial, o is the angle between the polarization direction and the photoelectron propagation direction, and c is the photoelectron kinetic energy. If spin is neglected, 2 measurement of both a(e) and B(e) as functions of e will yield all the measurable information about a given photolonization channel (e.g., ionization from a given molecular orbital). Variation of s is effected by adjusting the photon energy hv from a tunable source, such as synchrotron radiation. The two energies are related by
hv = € + B (2)
for photoionization from an orbital of binding energy B. Thus photoelectron spectroscopy can provide more information than that obtained from more conventional methods, such as absorption spectroscopy, because each photoionization channel with a particular binding energy can be monitored independently. In addition, (c) and 8(c) are sensitive to the molecular potential in different ways.
As yet, the development of variable-energy photoelectron spectroscopy is in a ver.y early stage. On the experimental side, the increasing availability and use of synchrotron radiation is facilitating the acquisition of a rapidly growing body of data. For example, recently reported data on triatomic molecules such as H 20, 3 OCS, 4 CS 2 , 4 and CO 2 have measured the sensitivity of both a(c) and 8(c) to shape resonances, autoionization, and predissociation, as well as confirming the sensitivity of these parameters to the molecular potential.
The theoretical situation is still evolving. Modelling the photoionization process is a challenge to theory if the goal is to provide a reasonably accurate description of a(c) and 8(c), while preserving both computational tractability and a faithful description of physically interesting features in the molecular potentials. Among the models used to date, the multiple scattering method (MSM), although it assumes a muffin-tin potential for the molecular potential and very much simplifies the true dynamics of the photoionization process, has nevertheless been successful in describing 8(c) and a(c)
for some molecular systems. 6 Yet to come are a sufficient number of Mil comparisons between theory and experiment to allow broad conclusions to be drawn concerning the efficacy of various theoretical approaches. Still further away is the stage in which qualitative interpretation of the parameters is feasible, without recourse to careful comparison with theory, to obtain qualitatively useful information.
This paper is organized in three more sections: II.
Experimental, III. Results and Discussion, and IV. Conclusions. The body of the paper appears in Section III, in which photoionization of each valence orbital is discussed in turn.
II. Experimental
The photoelectron spectra were obtained using a double-angle time-of-flight spectrometer. A detailed discussion of this instrument has been published. 7 Two detectors, one placed at 0° and another at 5470 with respect to the polarization axis of the radiation, detect photoelectrons with microchannel plates. A time spectrum of the photoelectrons is collected, and their intensities as functions of kinetic energy are analyzed to yield a(c) and (c). All spectra Ie presented here were collected for 1000 seconds. The 8(c) parameters are obtained from the intensity ratio of photoelectrons measured at 0 0 to those measured at 5470 The ratios were corrected for the relative efficiency of the two detectors by a calibration procedure which has been explained in detail. 8 Relative partial cross sections were obtained from the intensity of photoelectrons measured at 54.7°, the "magic angle". At this angle the intensity is independent of the asymmetry parameter. After correcting partial cross sections for the transmission of the 54.7° detector, they were -normalized for photon flux and sample density, then scaled to the (e,2e) total cross sections given by Hitchcock et al. 9 The Stanford Synchrotron Radiation Laboratory provides a tunable ultraviolet radiation source at the 8 0 beam line. Our measurements used photon energies in the range 18-31 eV. The bandpass of the monochromator was 2.7 A for these experiments. Additional broadening from our spectrometer of -3% of the kinetic energy of the photoelectrons increases the overall experimental resolution.
III. Results and Discussion
The ground state electronic configuration of N 2 0 can be written (l a ) 2 (2 a ) 2 (3 a ) 2 (4a ) 2 (5 a ) 2 (60 2 0 10 4 (7 a ) 2 (2 n ) 4 1 E. We present the partial cross sections, branching ratios, and asymmetry parameters for ejection of photoelectrons from the 2,r, 7a, lii, and 6a orbitals of Our results are discussed in the following format. First, the branching ratios of the ionic states referenced to the total cross section are shown in Fig. 4 , along with the total cross section. Table I Mulligan, 24 is also nearly nonbonding, with "sp" oxygen character.
Hybridized 2s and 2p orbitals on the oxygen atoms overlap a 2pa orbital on the carbon atom. 
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